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Abstract 
It is as yet unestablished whether the source of nature preference stems from an inbuilt 
evolutionary predisposition, or a cultural phenomenon that can be learned and changed by 
experience. Additionally it is unknown if those who are indifferent to nature still receive 
restorative effects from it. This study aimed to investigate both of these questions. Following a 
stress induction task, participants (N = 129) were shown either urban or natural scenes. The 
Swedish Core Affect Scale was used to measure restoration after stress induction and viewing the 
slides. Both implicit and explicit nature relatedness measures were taken, as well as perceived 
restorative effect of the scenes. Results show the process of showing slides of different 
environments after a stress induction was found to be restorative, no more so for natural 
compared to urban scenes. Results indicated that those indifferent to nature did not receive any 
less restorative effect from natural scenes. However, those who scored high on nature relatedness 
did perceive natural scenes to me more restorative than those who were nature indifferent. 
Explicit and implicit nature relatedness were positively correlated, indicating support for a 
cultural aspect to nature preference. If environmental preference were inbuilt, these measures 
would be unrelated. Results suggest that nature relatedness has cultural learning elements, and the 
equal potential restorative effect of urban and natural scenes. 
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Introduction 
As the human species has evolved, so has the environment that surrounds us. A growing 
population means an increased need for building development, leading to more urban areas with 
diminishing vegetation. This is a stark difference compared to the world our gatherer-hunter 
ancestors once lived in (Li, van Vugt, & Colarelli, 2017). Landscapes once filled with shrubs and 
grassland are now high-rise apartment complexes, forests are being replaced with shopping malls 
and factories. However, even in urban settings people consistently create parks and natural areas. 
Some of these are private such as gardens, while others are shared community parks and green 
spaces. People still spend considerable amounts of leisure time in nature, doing recreational 
activities such as going on walks and camping. One of the reasons proposed for this is the 
beneficial mental effects people experience when in natural settings (Kaplan, 1995, Staats, 
Jahncke and Hartig, 2016, Ulrich, 1993), for example restoration of depleted mental resources. 
Whilst the exact cause of this restorative effect is still disputed, much research has shown that 
exposure to natural environments can have beneficial effects and lead to higher preference ratings 
than urban landscapes (Kaplan, Kaplan and Wendt, 1972, Ulrich, 1993). It is possible that merely 
the actions performed in these environments have the restorative effect, however it has been 
hypothesized that nature itself can have restorative effects. As the amount of natural landscapes 
decrease, so does the number of nearby environments that may offer opportunities for restoration. 
At the same time, modern-day life is becoming faster paced, with the introduction of complex 
technologies and ever-increasing consumer oriented lifestyle. With a decrease of interaction with 
natural areas, it is becoming increasingly important to use civil planning to integrate and optimize 
green areas in urban environments.  
However, some people do not report affiliation for the natural environment, or even 
declare an indifference or dislike for nature. It is unclear whether these individuals also benefit 
from the positive effects natural settings elicit, or whether they have no effect, or even a 
detrimental one. Might it be possible, that generally speaking for these people, urban settings can 
have the same positive and restorative effects that natural environments have for others? Do the 
restorative effects of the natural environment previously investigated only occur in those who feel 
connected to nature? Those questions can be investigated by answering by one underlying 
questions; is restoration from natural environments evolutionarily ingrained? Before starting, the 
previously proposed reasons for the restorative effects need to be discussed. 
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The Biophilia hypothesis 
The notion that humans have a natural positive relationship with nature is known as the 
biophilia hypothesis (Wilson, 1984). The response occurs when experiencing or viewing 
“unthreatening natural landscapes” (Ulrich, 1993, pg. 88), whether that is in person or via 
photographs. Whilst there may be different definitions of a natural environment, a common 
specification is lack of man-made structures (Balling and Falk, 1982). However, many studies 
use a continuum from highly urbanised settings to complete wilderness. Ulrich (1993) discussed 
three different biophilic reactions to natural landscapes, these being; the liking and approaching 
response, a response encompassing different aspects of stress recovery, and enhancement of 
higher order cognitive functioning. Only when carrying out non-urgent tasks can these increases 
in cognitive functioning occur. There is an abundance of evidence showing that people like 
natural environments, often preferring them to urban settings.  Kaplan, Kaplan and Wendt (1972) 
demonstrated an overwhelming preference for natural scenes compared to urban ones, with 
participants rating the least enjoyed natural scenes mostly higher than the most enjoyed urban 
scenes. Preferences were also found for leisure activities carried out in parks compared to cafes, 
malls, and walking down a street, indicating liking of spending time in more natural 
environments (Staats, Jahncke, Herzog, & Hartig, 2016). However, these effects were strongest 
when people were in need of restoration, when this was not the case people rated cafes equally to 
parks on preference. This could indicate that when in need of restoration, people prefer and seek 
out nature.  
Visual preference for natural environments  
Not only do people report affiliations to nature, but it has also appeared for centuries as an 
integral focus of artwork worldwide. The word picturesque is now used to describe beautiful 
scenes, whereas it stems from ‘picture-like’, showing how closely nature and art are now linked 
(Carlson, 2007). Different aspects of an environment make it appealing, for example, moderate 
levels of scene complexity result in higher preference, and when complexity is low, preference is 
low (Ulrich, 1983, Berlyne, 1971). Other structural properties of a scene can also be important, 
for example repeat patterns, or structure that brings attention to a focal point. Structure is rated 
positively, as it allows people to interpret the environment with little cognitive effort. Following 
on from this, ‘focality’, or the direction of attention to a certain point also affect ratings of 
landscapes. Depth is also an important structural factor for preference rating of scenes. Higher 
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levels of depth can afford interest and exploratory behaviours; however, they can also suggest 
hidden danger and the unknown. Berlyne (1960) also discusses three properties of stimuli that 
affect preference. The first is psychophysical (how intense a stimulus is), the second is collative 
and regards comparisons between properties, and the third is ecological. This includes how 
environmental conditions can have a negative or positive effect on people. Natural environments, 
which are low in psychophysical stimulation and have a positive ecological effect on people, 
would supposedly be highly restorative environments. Lack of such restoration in urban 
environments may be due to the psychophysical intensity of the stimulation in comparison to a 
natural environment, for example fast moving vehicles and more noise in cities compared to a 
natural environment.  
Restorative effects of the environment 
Whilst there is evidence for positive ratings of natural environments, there is also research 
that looks into the restorative effects they can cause.  Measures of stress relief and restoration are 
harder to assess than preference; however, there is evidence for these beneficial effects when 
viewing natural scenes. The previously mentioned study by Staats, Jahncke and Hartig (2016) 
also found that the restorative ratings of these environments followed the pattern of preferences 
for carrying out recreational activities, with the parks being perceived as the most restorative 
setting and an urban street being the least so. Ulrich (1969) carried out a study on post exam 
students, which showed that pictures of natural settings decreased reported anxiety and arousal, 
and increased positive affect. In contrast, pictures of urban settings increased reported sadness 
and decreased attentiveness of the students. It is interesting to note not only mood changes in the 
form of valence, but also differences in levels of arousal when exposed to different types of 
environments. Changes in arousal may be reflective of relaxation and restoration. Sights and 
views of natural areas have shown to help aid recovery of those in hospitals, with those with 
nature views from their windows being released earlier and requiring less pain medication than 
those who had the view of a brick wall (Ulrich, 1984). Within natural scenes water has been 
found to have a particularly strong effect on liking, with high preference ratings when bodies of 
water are included in the scenes (Ulrich, 1983, Balling and Falk, 1982).    
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Person-nature connectedness 
While visual preference for certain environments may be enough to elicit a restorative 
effect, it is likely that both preference and restorative potential are affected by an individual’s 
level of connectedness to nature. This “individual’s deep appreciation of and affiliation with 
natural environments” (I-Chun, William, Chun-Yen, 2015, pg. 597) can manifest itself not only 
in cognitive perceptions of nature and preferences, but also feelings of personal identification and 
“meaningful involvement” (Howell, Dopko, Passmore, Buro, 2011, pg. 166) with the natural 
environment (Nisbet, Zelenski, Murphy, 2009). Connectedness to nature has been shown to affect 
how often people visit natural environments (I-Chun, William, Chun-Yen, 2015), aspects of well-
being and mindfulness (Howell, Dopko, Passmore, Buro, 2011), and pro-environmental 
behaviour (Davis, Green, & Reed, 2008, Nisbet, Zelenski, Murphy, 2009). It was also found that 
people who reported a higher connectedness to nature also reported higher feelings of safety than 
individuals with lower nature connectedness, when in natural settings (I-Chun, William, Chun-
Yen, 2015). This feeling of relatedness therefore may affect preference mediated by feelings of 
safety. Subsequently, this lack of fear may therefore lead to higher levels of restoration in those 
who have a higher connection to nature. Adevi, & Grahn (2012) posit that the type of 
environment people are raised in can create a higher attachment between them and this 
environment compared to another one, and attachment in turn “becomes part of the (child’s) basic 
view of itself” (Adevi, & Grahn, 2012, pg. 29). The sense of attachment and a place being ‘like 
home’ could in turn affect how restorative it is to an individual. Interestingly, their research found 
a lower propensity to become attached to areas that are more urbanized and densely built.  
The evolutionary perspective 
The question then arises as to why humans experience positive and restorative effects 
from exposure to natural environments, compared to urban ones. One potential explanation for 
this is that a species’ core functions and needs are intrinsically linked to the environment. This 
possibility is discussed by Appleton (1996), who states that humans have preferences for 
environments that once held adaptive advantages. He discusses that our preference for certain 
landscapes can be explained by prospect-refuge theory; living species have a propensity for 
environments with an “unimpeded opportunity to see” and an “opportunity to hide” (Appleton, 
1996, pg. 73). As natural environments are the ones our ancestors hunted and sheltered in, their 
preferences may have been passed on, resulting in innate preferences. This develops into the 
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habitat theory (Appleton, 1996), which can be explained as a propensity for species to find 
habitats that suggest that they have aspects favourable for survival. The theory states that even 
when these aspects are no longer necessary to survival, environments containing them are still 
preferred as it is in our genes. This may explain why natural landscapes are preferred to urban 
ones; we inherited from our ancestors’ preference for “landscape features which, in their shapes, 
colours, spatial arrangements, and other visible attributes, act as sign-stimuli indicative of 
environmental conditions favourable to survival” (Appleton, 1996, pg. 69). This is in line with 
the theory that humans prefer savannah like landscapes, as these are the ones that early humans 
evolved in and offer advantages for both prospect and refuge (Balling and Falk, 1982). Evidence 
for this is shown in a study where children had higher preference for savannah scenes than 
various woodland scenes that would have been more familiar to the children. This preference 
difference decreased with age, possibly indicating innate preferences that are apparent when 
humans are young are later eliminated due to cultural changes that comes with aging (Balling and 
Falk, 1982). Additionally, the evolutionary approach would explain the particular preference for 
scenes that include a water source, as it is such an essential need for humans (Ulrich, 1983).  
The psycho-evolutionary theory of stress reduction  
Whilst the restorative effects of nature have been widely recognised, there is still 
contention as to how this occurs. The psycho-evolutionary theory emphasises an affective and 
physiologically based approach to restorative effects, based on our evolutionary past (Ulrich, 
Simons, Losito, Fiorito, Miles, Zelson, 1991). Urich et al. (1991) demonstrated that 
physiological measures of participants exposed to different environmental scenes after stress 
induction differed in their levels of recovery. Those who were exposed to natural scenes had 
lower heart rates and skin conductance responses among other physiological signs of stress, than 
those shown urban scenes. In comparison to busy cities and towns, these scenes lack 
psychophysical intensity as discussed by Berlyne (1960). This indicates that part of the 
restorative effect of natural environments may stem from their lack of intensity. Additionally, 
those exposed to natural scenes reported higher positive affect ratings. The psycho-evolutionary 
theory is in line with implications of the prospect/refuge theory. Furthermore, the quicker the 
recovery from stress, the faster an individual would be able to protect themselves from 
environmental dangers, so a quick recovery time to scenes of nature would be adaptive.  
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The prepared learning theory 
Ulrich (1993) suggests looking at biophobic responses to aversive environmental stimuli 
as support for the genetic predispositions of environmental preference.  He argues that important 
aspects during evolution have led to organisms being predisposed to react in particular ways to 
certain environments (Ulrich, 1993). This is known as the prepared learning theory, quickly 
learned reactions to stimuli that would have once been adaptive have been passed on to modern 
humans. Phobias provide an example of this; they are mostly directed at things that would have 
been adaptive to fear such as snakes, spiders, and blood (Ulrich, 1993), things people are often 
scared of without previous exposure to them. They also appear as not only dislike for the focus 
object of these phobic responses, but also elicit physiological reactions such as increased heart 
rate. Conversely, it is believable that the prepared-learning theory would encompass positive 
reactions, for example to indicators of food and shelter. Therefore, preferences for natural scenes 
may be a consequence of prepared learning handed down from our hunter-gatherer past. We more 
readily may learn to have preferences for scenes that have places to hide yet can be easily 
scanned for danger, which have food, water, and other necessities.  
The attention restoration theory 
Whilst the psycho-evolutionary theory of stress-reduction focuses on affective and 
physiological reactions, the attention restoration theory focuses more on the cognitive aspects of 
restoration (Kaplan, 1995, Kaplan & Peterson, 1993). It is a stage theory, positing that different 
cognitive processes must be carried out before reaching the next stage, and before finally 
experiencing attention restoration. The theory encompasses the idea that directed attention can 
lead to psychological fatigue; that focused and effortful work leaves people with a depleted 
mental capacity for directed attention. This skill is necessary for the focus used for problem 
solving, the essential ability to inhibit impulses, and choosing the correct action in a situation. 
Fortunately, this resource can be restored with involuntary attention, as this form of attention 
takes no effort. Kaplan discusses four components necessary for restoration of attention, these 
being; conceptually “being away” (Kaplan, 1993, pg. 5), an environment containing enough 
stimuli that one’s thoughts and senses are preoccupied (extent), compatibility between the 
purpose someone has and the type of environment, and fascination. Many natural environments 
very easily fulfil these four necessary components. This was supported with a study by Hartig, 
Mang, and Evans (1991), who looked at the performance on an error-checking task, a task which 
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has been shown to demand directed attention. A comparison was made between people who 
went on a wilderness holiday, people who went on non-wilderness holidays, and people who did 
not go on holiday at all, all of whom carried out the task before and after a designated time 
period. Those who went on the wilderness holiday increased in performance on the task, 
compared to the other two groups whose performance decreased. In their second study, Hartig et 
al. (1991) found that people in natural settings reported higher levels of the four components, as 
discussed by Kaplan, than those in an urban setting or relaxing inside. One of the major 
criticisms of the attention restoration theory is that ‘fascination’ can also occur for negative 
stimuli, stating that this involuntary attention “is inadequate for explaining restorative influences 
of nature” (Ulrich et al., 1991, pg. 224). In defense of the Attention restoration theory, it can 
be said that whilst fascination can also be experienced for negative stimuli, for example 
mutilation, it does not prove that fascination with positive or neutral stimuli cannot have 
restorative effects.  
The cultural perspective  
There is evidence for an innate explanation of why the human species prefers certain 
environments. However, there are also indicators that suggest cultural learning for some 
environmental preferences. For example, sub-cultural differences have been found in the 
preference for pictures of natural environments (Kaplan and Herbert, 1987). The groups 
compared were both Western Australians; one group were students and the other were members 
of a wildflower society. Whilst all participants were familiar with the types of environments, 
preference ratings differed on over half the stimuli. This was explained by the fact that the 
wildflower society members recognised the inclusion of non-native plants that may have 
detrimental effects to the natural environment, indicating that knowledge of, and involvement 
with nature can affect environmental preferences. This finding is also apparent in a study by 
Balling and Falk (1982), who found that foresters had higher preference ratings for all natural 
scenes shown in the study as compared to people from the same area who did not have such 
specialized knowledge. In this case exposure to, and knowledge of nature increased preference 
for it. However, it is also possible that those who already prefer nature behave in ways that 
increases their contact with nature, such as finding a job as a forester. The study also reported 
age differences; children showed a strong preference for savannah as compared to various forest 
scenes. However, this strong preference was not distinguishable within adolescent or adult 
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groups, indicating that attitudes can be changed and learned with age (Balling & Falk, 1982). 
Adevi, & Grahn (2012) found that people growing up in different types of environments (E.g. 
coast, forested areas, and agricultural landscapes) had higher preference for certain aspects of 
the landscape native to their birthplace, and were likely to move to places with similar 
landscapes later in life. These findings, for example that those who grew up near the coast put 
higher importance and preference on prospect than those who grew up in forested areas, 
indicates learnable and changeable preferences. They discuss these preferences to be based on 
feeling safe or at home in these environments.  
Cognitive approaches to the appreciation of artwork argue that knowledge of the 
contents, and history of art is important for its appreciation and that in a similar vein, knowledge 
of the content and history of nature is important to be able to appreciate it (Carlson, 2007). 
Whilst the study by Balling & Falk (1982) indicated that those who knew a lot about nature due 
to their profession also preferred nature, another study showed the opposite. Von Lindern, 
Bauer, Frick, Hunziker & Hartig (2013) linked the level of economic complexity within a 
society to complexity of the people’s folk song lyrics and dance movements. Preference for 
complexity and detail may additionally be affected by an individual’s previous experiences, for 
instance children raised in relatively deprived environments looked at patterns and unusual 
pictures for less time, compared to children from relatively enriched environments (Lore, 1965, 
as discussed in Berlyne, 1971). The amount of geometricism and naturalism in visual artwork 
also differs depending on culture; “naturalism is typical of advanced hunting-gathering societies 
and urban-commercial societies, whereas early hunting-gathering, agricultural, and industrial 
societies lean towards geometricism” (Berlyne, 1971, pg. 272). It is possible to imagine that 
aesthetic preferences in other areas, for example environmental scenes, differ depending on 
different aspects of culture and society.  
The transactional perspective 
It is impossible to view the cultural and evolutionary theories each in a vacuum, as it is 
likely that all behaviours and preferences are a construct of both evolution and culture. Hartig’s 
(1993) transactional approach proposes including not only culture and evolution, but also how 
the individual interacts with different environments at different time points. The main of this 
theory view is on “the independent and interactive effects that psychological and situational 
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factors have on functioning” (Hartig, 1993, pg. 18). Such psychological variables may include 
evolutionary predispositions to feel a connection nature and the ingrained psychology of a certain 
cultures upbringing. Situational factors may include the current needs of the individual, or the 
general cultural view of nature and its importance to our species.      
The biophobia hypothesis 
Whilst there is evidence for large numbers of people rating nature positively, there are 
some people who report indifference to nature, or even disliking it. Contact with nature was 
found to be negatively linked to biophobic reactions in Chinese children, exhibiting a lack of 
interaction with the natural world can lead to lesser positive ratings of it (Zhang, Goodale & 
Chen, 2014). Whilst this result was found regarding exposure different types of animals, it is 
conceivable that a similar pattern would also occur among people who have little interaction with 
the natural environment and landscape. As the world becomes more urbanized, people are 
experiencing much less contact with nature, which could in turn lead to less positive feelings 
towards the natural world. Negative perceptions of wildlife can affect people’s reported 
likelihood of wanting to carry out recreational activities in nature (Bixler & Floyd, 1997). There 
were three variables found to be related to these preferences; “fear, disgust, and adaptation level” 
(Bixler & Floyd, 1997, pg. 461). Fear and disgust generally concern elements found in natural 
environments. For example, fear of dangerous animals or getting lost, and disgust of dirt and 
germs. Lower ratings of the actual environments then may be due to association with these fear 
and disgust eliciting entities. Adaptation level refers to the extent to which an individual is 
accustomed to modern day amenities, which may affect the tolerance range for different 
experiences in natural environments. Whilst there is evidence of positive portrayals of nature, 
such as in art, negative representations also have their place. For example, many horror movies 
are set in natural areas such as forests and the ocean, indicating feelings of dislike and fear some 
people have for natural environments (Gilmore, 2013). Furthermore, it has also been proposed 
that there is a strong mental affiliation between nature and death (Koole & van den Berg, 2005). 
This association has been shown to be particularly strong with wilderness scenes compared to 
scenes of cultivated nature. These thoughts of the inevitability of death and uncontrollability of 
nature may lead to reduced positive evaluations of natural scenes. This may in turn impact the 
restorative effects of natural scenes. However, it is possible that these explicit ratings of 
environmental indifference may not represent people’s true appreciation of nature. This would 
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most likely be the case if the evolutionary perspectives of environmental preference were true 
and people are naturally predisposed to like nature and be restored by it. It may be possible to 
measure people’s true feelings towards nature implicitly (Schultz, Shriver, Tabanico, & Khazian, 
2004) and uncover feelings they did not know they had or were unable to express.  
The effect of biophilia on environmental restorative potential 
It is unclear whether those with biophobic reactions to nature would still gain these 
restorative effects from the natural environment. The evolutionary perspective would argue that 
this would occur, as it is an innate reaction. However, the cultural perspective may imply the 
opposite, that those who do not report to like or feel connected to nature do not experience a 
restorative effect from experiencing it. Being in or seeing an environment that is not enjoyed 
may not cause fascination, or allow a sense of environment-purpose compatibility, which are 
necessary for the attention restoration theory (Kaplan, 1995). Additionally, restoration need 
would not be congruent to how they experience the environment and they may end up even 
more stressed. If the adaptation level of an individual to modern comforts is high, not having the 
comforts they are used to around them may induce stress reactions as opposed to restorative ones. 
It is important to address this topic, as nature is used in modern city planning to reduce negative 
psychological states within citizens, however there is the possibility this may not have an effect 
and could even be detrimental to some people. If levels of restoration differ, the use of greenery 
outside hospitals to try and aid recovery may impede it in those who do not feel a connection to 
nature. Additionally, a biophilic response to nature has also been linked to increased likelihood 
of pro-environmental behaviours (Zhang, Goodale & Chen, 2014). What affects such behaviours, 
and ways to increase them, are currently very important topics. If it were found that positive links 
to nature are not innate, but are possible to influence, then this could have implications for 
people’s tendencies towards pro-environmental behaviours.  
Summary and research overview  
The current study will aim to investigate two different, but interrelated questions. First is 
the core question, whether nature preference is an evolutionarily and inbuilt phenomenon, or 
whether it is a response that can be learned and changed by culture and experience. It is also 
possible that nature preference is a combination of both innate and learned preferences. The 
second question follows on from this, being whether those who show a dislike for nature still 
ENVIRONMENTAL RESTORATION EFFECTS                                                                       14 
receive restorative effects when exposed to it in a stressed state. To do so, a two-part study will 
be carried out. The first part involves an explicit measure of nature relatedness, a stress induction, 
and an implicit measure of nature relatedness. If nature preference is evolutionary, stress 
induction will have a “need for restoration” effect on implicit nature relatedness, with no 
moderating effect from explicit measures. However, if the cultural perspective appears to be 
supported this would be shown by explicit nature preference having a moderating effect on 
implicit measures. This was tested by looking at the relationship between explicit and implicit 
nature relatedness. A relationship between the two would imply a cultural element to nature 
relatedness, while no relationship would support an evolutionary standpoint. The second part of 
the study involved exposing participants to natural and urban scenes, and seeing if those who 
report high or low nature relatedness gain the same restorative effect from the natural 
environment.  
Research question and hypotheses 
Research questions: Is the restorative response to natural environments compared to urban ones 
as apparent in those who are indifferent to nature, compared to those who feel connected to it and 
is this due to an underlying evolutionary biophilic predisposition? 
Hypotheses: 
Hypotheses that test the underlying question of the cultural or evolutionary reason for nature 
preference, stated as if the evolutionary perspective would be true: 
H1a: Tests of implicit nature association will show positive attitudes towards the natural 
environment, regardless of whether participants reported low or high nature relatedness.  
H1b: Participants who show higher implicit liking of natural environments will experience higher 
restorative effects, with regards to affect valence and activation, when exposed to natural 
scenes.  Restoration will be evident with reduced levels of arousal and increased positive 
valence.     
 
Hypotheses that test the restorative potential of different environments, stated as if the 
evolutionary perspective would be true: 
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H2: Participants who were exposed to natural scenes will show higher restorative effects with 
regards to affect valence and activation than those exposed to urban scenes, regardless of 
whether they reported low or high explicit nature relatedness. Restoration will be evident 
with increased levels of positive valence and with reduced levels of arousal.     
 
If the cultural perspective would be true, hypotheses are as follows: 
H3: Participants who showed high explicit nature relatedness will show higher restorative effects 
when exposed to natural scenes compared to those who reported low nature relatedness.  
H4a: Participants who showed high explicit nature relatedness will rate natural scenes, compared 
to urban ones, as more restorative as shown by ratings of perceived restorative effect than 
those who reported low nature relatedness.  
H4b: Explicit nature relatedness affects perceived restorative effect of different types of scenes. 
Those with high nature relatedness are expected to perceive natural scenes as more 
restorative.  
Methods 
Participants and design 
One hundred and thirty participants (female = 105, 80.8%, male = 24, 18.5% and other = 
1, 0.8%), were recruited for this study. This was done by sending out a survey on Facebook, 
approaching people, and hanging posters up in multiple university faculties. groups (for example 
groups dedicated to payed studies at the FSW and groups containing students who study at the 
FSW). Additionally, participants were able to sign up through SONA and were sent an email 
asking them to fill in the pre-screening questionnaire. The aim was to get a relatively equivalent 
numbers of participants with low and high levels of reported nature connectedness. The incentive 
for participation was €3, or one study credit. Participants were required to be between the ages of 
16 and 60 (M = 24.05, SD = 9.103). The majority of the participants were Dutch (N = 85, 65.4%). 
The equipment used included a computer with internet connection. 
The design was quasi-experimental as manipulation of relatedness to nature was not 
possible. The preliminary nature relatedness scores were used to make sure people who scored 
high and low were evenly distributed in the urban and natural slide groups so the design would be 
evenly filled. A 2X2 (urban or natural environmental stimuli/high or low reported nature 
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relatedness) was used. The manipulation variable was a stress induction. The first part of the 
study consisted of testing the evolutionary vs. cultural perspective. The independent variable was 
the stress induction, the dependent variable was the implicit measure of nature relatedness, and 
the variable that will be tested for moderation was the explicit measure of nature relatedness. The 
second half of the study consisted of testing restoration of different environments. The 
independent variable is which set of pictures the participants sees. The dependent variable is 
affect score after the pictures are shown corrected for affect scores before the pictures are shown, 
explicit nature relatedness, and perceived restorative effect of the slides.  
Control and manipulation variables 
Participants were asked to report on the current weather outside, how much they enjoyed 
the current weather, and how many hours they had spent outside in the past week (Schultz, 
Shriver, Tabanico, & Khazian, 2004). All participants went through a stress induction task called 
the Montreal imaging stress task (MIST). This involves the performance of difficult arithmetic 
challenges on the computer in a short amount of time. In addition, negative evaluation of the 
participant’s performance on these tasks were given via the computer (Dedovic, Renwick, Khalili 
Mahani, Engert, Lupien & Pruessner, 2005). Due to previously shown reliability, the control 
condition was not included in the current study (Dedovic et al. 2005). Overall, the MIST takes 18 
minutes to complete.  
 
 
 
 
 
 
Figure 1. The MIST: performance indicators are displayed using arrows for average performance 
(top) and participants’ performance (below). Arithmetic questions are displayed, and the circle of 
numbers can be used to input answers. Feedback is then given; “correct” or “incorrect”. 
Incorrect! 
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Measures 
Recruitment measure of nature relatedness  
When recruiting participants, a short measure of attitudes towards nature was carried out, 
so a relatively even number of participants who are connected to, and indifferent to nature could 
be chosen. The measure used was the ‘inclusion of nature in self’ scale (INS) (Schultz, 2002), 
which can be found in appendix A. This measure involves multiple pictures of two circles that 
overlap to varying degrees, ranging from not touching at all to nearly overlapping. One circle is 
labelled ‘self’ and the other is labelled ‘nature’. Participants were asked to circle which image 
most represents their connection with nature. The more the circle overlaps, the more someone is 
indicating an inclusion of nature as part of the self. It is a fast measure that is simple to 
understand and perform. The INS was then scored one to seven, with one being not at all 
connected to nature and seven being seeing oneself as very connected to nature (Schultz, 2002). 
Additionally, the statement “I like to walk in forests, parks, and other natural settings” was 
presented on a five point likert scale, with 1 = Totally disagree to 7 = Totally agree. 
Measure of nature relatedness 
Another scale was then used in the study; the NR-6 (Nisbet, & Zelenski, 2013), which can 
be found in appendix B. Including another scale in addition to the INS allowed for a rich source 
of data about nature liking and relatedness. The NR-6 (α = 0.823, n = 130) is a short-form version 
of the nature relatedness scale, with only six items compared to the usual twenty-one. It 
encompasses four questions related to self-identification with nature and two questions relating to 
“individual differences in the need for nature and comfort with wilderness, as well as awareness 
of local wildlife or nearby nature” (Nisbet, & Zelenski, 2013). It is well correlated with the 
original scale in different samples, has adequate convergent validity and shows temporal stability. 
The measure has been shown to converge with other popular measures of environmental liking 
and identity. The NR-6 is rated on a five point Likert scale from 1 = Strongly disagree to 5 = 
strongly agree. The scale can be found in appendix 2.  
Implicit association test  
As another measure of relatedness to natural environments, the implicit association task 
(IAT) was used. Whilst often used to investigate stereotypes and prejudices, the IAT can be used 
to look at implicit attitudes (Karandashev, & Evans, 2017, Karpinski, & Hilton, 2001). The IAT 
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has shown to be valid, as it correlates people’s real life behaviours. Implicit measures were used 
as there is the possibility that some attitudes and preferences may be “outside of our sense of self-
awareness” (Bruni, & Schultz, 2010, pg. 95). The IAT involves matching target concepts to good 
or bad descriptive words. Words appear on the screen, and participants have to sort them into the 
required category as accurately and quickly as possible. Multiple rounds are used, where nature 
pairs are either paired with positive or negative words, and then the reaction time for each of 
these is compared. It has been shown that consistent attitudes take less time to sort inconsistent 
attitudes. Therefore, it would be expected of someone who likes nature to spend more time 
pairing the word “forest” with the word “nasty” compared to with the word “relaxing”. Implicit 
preferences can be found using participant’s response times to consistent and inconsistent attitude 
conditions. The time in which participants had to respond was very limited, so there should be 
very little controllability of their answers (Karandashev, & Evans, 2017). It was presented after 
the MIST so participants were more cognitively fatigued than usual so controllability was 
expected to be even lower. The test used measured how quickly participants sort self (E.g. I, 
myself, we) and other, (E.g. They, them) with words about nature (E.g. Mountain, tree) and 
words about urban stimuli (E.g. Car, truck) (Bruni, & Schultz, 2010).  
 
Figure 2. The IAT: the target word is shown in the center, and the categories they must be sorted 
into are shown on the top left and right. 
Affect measure 
The Swedish core affect scale (SCAS) (α = .968, n = 126) was used to measure 
participants’ affect, it can be found in appendix C. It is a short questionnaire of 12 items 
(Vastfjall, Friman, Garling, & Kleiner, 2002) based on the Circumplex of affect (Russell, 1980).  
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These are bipolar rating scales of different adjective, which are scored on a nine point rating 
scale. Lymeus, Linberg and Hartig (2018) used a nine-point scale, where one represents 
agreement to the negative word, while nine represents agreement to the positive one. A rating of 
five is neutral. In the case of the current study, a positive reaction to, or restorative effect from 
environmental stimulus would be shown by an increase in scores. Different restorative effects 
would be shown by changes in one stimulus condition more than another. The SCAS is an overall 
measure of affect, both a measure of valence and arousal/activation (Vastfjall, Friman, Garling, & 
Kleiner, 2002). Using such a scale makes it possible not only to see what emotional valence 
participants are experiencing, but also the level of arousal. The bipolar adjectives represent four 
different groups of activation in an affect-arousal Circumplex; Activation, valence, pleasant 
activation-unpleasant deactivation (PA-UD), and unpleasant activation-pleasant deactivation 
(UA-PD). This allowed for the level and direction of arousal caused by certain environments to 
be measured, to test whether the urban and natural stimuli chosen were equivalent in activation 
potential. The scale took approximately three minutes to administer. It has shown to be valid; the 
arousal dimension correlating with physiological indicators, and the affect dimension when rated 
alongside visual representations of affect (Västfjäll, & Gärling, 2007). The scale can be found in 
appendix 3. 
Perceived restorative effect  
A measure of how much participants perceive the environment they viewed to be 
restorative was also included. This was used as another indication of how much people enjoy 
being in nature and the psychological benefits they think they receive when spending time in 
nature. To do so, the Perceived Restoration Scale (PRS) (α = .881, n = 126) was used, which can 
be found in appendix D. The scale is based on the attention restoration theory, and includes 
questions relating to four different factors; being away, fascination, extent, and compatibility 
(Hartig, Korpela, Evans, & Gärling, 1996, Korpela, & Hartig, 1996). However the current study 
only used the factors being away (α = .672) and fascination (α = .911) as these are most basic to 
restoration and have shown higher statistical reliability compared to the other factors (Staats, 
Jahncke, Herzog, & Hartig, 2016). Overall there are seven statements which participants are 
asked to rate on a six point scale with 0 = “Not at all” and 7 = “Completely”. The scale items 
can be found in appendix 4.  
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Natural and urban environmental stimuli 
Pictures of both natural and urban environments were included in the study. There were 
14 slides for each of the environment conditions (Collado, & Staats, manuscript in preparation). 
Whilst the environments portrayed are different, the slides were kept the same in as many other 
aspects as possible. The lighting was at a similar time of day and brightness. None of the photos 
contained people so as not to confound the effect the environmental stimuli have. The pictures 
used have also been found to be rated with equivalent preference by non-stressed people, 
therefore it was possible to concretely show any higher preference levels for different groups that 
may occur. No images contained stimuli that may induce fear. Example images from both sets of 
slides can be found in appendix E. 
Procedure 
Out of the 130 participants, two did not carry out the second questionnaire with the SCAS 
TP1 and TP2, did not see the slides or fill out the PRS, due to computer malfunctions  
Before the study was carried out, a preliminary recruiting procedure was carried out, to 
investigate the extent to which participants included nature in their sense of self. The study was 
carried out at the Faculty of Social Sciences of Leiden University, in Leiden. Upon entering the 
laboratory, participants were greeted and shown to the booth containing a computer. A brief 
description was given of what the study entailed and any necessary information. They were 
presented informed consent for them to (dis)agree with.  
First, the explicit measure of nature relatedness was carried out. Filling in the 
questionnaire took about two minutes. All questionnaire aspects of the study were carried out on 
the online questionnaire program; Qualtrics. Participants were then presented the SCAS, 
completion of which took about two minutes. When discussing this baseline measure of the 
SCAS throughout this paper, it will be referred to as SCAS time-point1 (SCAS-TP1).  
Next, the first phase of the study was carried out. The MIST was conducted using E-
prime. This included an explanation of how to do the task and a practice trial of some of the 
arithmetic questions included in the MIST. The task took 18 minutes to complete. Then the 
implicit association task was carried out, also on E-prime. This also included on screen 
instructions and practice trials, and overall took approximately six minutes. The affect measure 
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(SCAS) was then presented again. This post-MIST measure of the SCAS will be referred to 
throughout this paper as SCAS time-point2 (SCAS-TP2).  
After this, the second phase was carried out. Participants were randomly allocated either 
into the natural or urban stimuli conditions via Qualtrics. They were shown 14, each was shown 
for 10 seconds, and so overall viewing of the slides took two and a half minutes. Participants 
were asked to rate slides individually on a scale from one to seven, with higher scores indicating 
more positive ratings of the stimuli. Rating would take them immediately to the next page, there 
it was only possible after six seconds, so participants had enough time to be exposed to the slide. 
The SCAS was then given for the final time to measure any affect changes post environmental 
stimuli. This post environmental stimuli measure of the SCAS will be referred to throughout the 
paper as SCAS time-point3 (SCAS-TP3). Measures of perceived restorative effect were also 
given which took approximately one minute.  
At the end of the study, participants were debriefed and were able to ask any questions 
they had. It was explained to them that the feedback on the MIST was to induce stress, to inform 
them that they had not really underperformed. It was possible for them to include their emails if 
they were interested in receiving a summary of the results. Participants were thanked and either 
payed or rewarded a credit for their participation.  
Results 
Preliminary analysis 
First, individual IAT scores were calculated. This was done using the improved algorithm 
recommended by Greenwald Nosek, & Banaji (2003). This results in each individual having an 
effect size for their IAT score, ranging from -2 to 2 (Greenwald, Nosek, & Banaji, 2003, Cohen, 
1997). The higher the score, the higher the individual showed implicit nature relatedness. The 
distribution of the effect sizes (D) s can be found in table 1.  
Reliability analysis was carried out on the NR-6, which was found to be high. A mean 
score was calculated for scores on the NR-6, which was above the half way point of the five point 
scale (M = 3.236, SD = .862). Additionally, the means for the preliminary items were above the 
median of the one to five rating scales; the question regarding walks in nature (M = 4.020, SD = 
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1.181), and the one to seven Inclusion of Nature in Self scale (M = 4.060, SD = 1.391). This 
indicates a possible overall high inclusion of nature in self within the current sample.  
Table 1.  
Frequency and percentage of different effect sizes (D) on the Implicit Association Test for nature 
relatedness.  
IAT Effect Size Frequency Percentage Cumulative percentage 
Strong negative effect: 
-.065 > IAT 
0 0% 0% 
Moderate negative 
effect: 
-0.65 < IAT < -0.35 
0 0% 0% 
Slight negative effect:     
-0.35 < IAT < -0.15 
1 0.8% 0.8% 
No effect: 
-0.15 < IAT < 0.15 
20 15.4% 16.2% 
Slight positive effect: 
0.15 < IAT < 0.35 
35 26.9% 43.1% 
Moderate positive 
effect: 
0.35 < IAT < 0.65 
40 30.8% 73.8% 
Strong positive effect: 
IAT > 0.65 
34 26.2% 100% 
 
The suitability of the different preliminary measures, to combine into a nature liking scale 
with the NR-6, was investigated. It was important to make sure that all the questions measured 
the construct of nature relatedness. Pearson’s correlations showed that the NR-6 significantly 
correlated with both the INS score, (r = .600, p < 0.001) and preliminary question (r = .522, p < 
0.001). The preliminary question and the INS also had a significant correlation (r = .386, p < 
0.001). Reliability for this composite nature relatedness score was found to be high (α = 0.854). 
Therefore, it was decided that the questions were related enough to create a composite nature 
liking scale. Scores were standardized a composite nature liking score was created for each 
individual (M = 0, SD = .818). Factor analysis showed that this composite score measured only 
one component, which was the construct we named explicit nature relatedness. 
Reliability for the overall SCAS was computed for time points 1, 2, and 3, which were all 
shown to be high. Factor analysis was carried out on the SCAS, using varimax rotation, to see if 
the different subscales of the SCAS defined by Vistal, Friman, Gärling, & Kleiner (2002) were 
applicable to the current data. This resulted in a two factor solution, as shown in table 2. Factor 
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one contained seven items that had component loadings above .500. It was decided that this 
factor reflected positive activation. The second component contained six components loading 
higher than .500. This was believed to reflect the underlying construct of unpleasant activation-
pleasant deactivation (UA-PD). The same trend of results was found for time points two and 
three. A combination of all items of the SCAS was believed to represent a positive valence factor 
on the affect Circumplex. It was therefore decided that each of these components would be made 
into sub scales for the SCAS, and the overall SCAS would be used to represent positive valence. 
Reliability analysis was carried out for these possible factors, all of which were adequately high; 
Activation factor (α = .886), positive valence factor (α = .915), UA-PD factor (α = .894). This 
high reliability also indicated the scales were valid. Means and standard deviations can be found 
in table 4. Correlations were carried out between the different SCAS factors, all of which were 
positive and significant.  
 
Table 2.  
Component loadings for the two-factor solution of the Swedish Core Affect Score (SCAS). 
Underlined factors load over .500 on that component. 
 Component 
SCAS item 1 2 
Sleepy-Awake .785 .187 
Passive-Active .800 .166 
Dull-Peppy .779 .205 
Indifferent-Engaged .816 .223 
Tense-Serene .100 .780 
Depressed-Happy .480 .704 
Sad-Glad .484 .690 
Nervous-Relaxed .128 .848 
Bored-Interested .696 .220 
Pessimistic-Optimistic .595 .463 
Anxious-Calm .212 .828 
Displeased-Pleased .513 .611 
 
Test of hypothesis, part 1 
Hypothesis 1a states that regardless of explicit attitudes to nature relatedness, implicit 
nature relatedness was still positive. A test of the relationship between the IAT and the composite 
nature relatedness score was positive and significantly correlated; r = .253, n = 130, p = .004. 
This explores the relation between implicit and explicit measures of nature relatedness, and 
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indicates that hypothesis 1 should be rejected as the concepts seem to be related. This result 
indicates that explicit attitudes do have a moderating effect on implicit attitudes. To further 
investigate, “need of restoration” scores were created for each of the SCAS factors, by computing 
the difference between time-points 1 and 2. This gives an indication of participant’s deviation 
from baseline due to the MIST, and therefore their need for restoration. Each of these was then 
correlated with the IAT scores, to see whether people’s need to be restored had a relationship 
with their implicit nature relatedness. The positive activation factor did not significantly correlate 
with the IAT; r = -.132, n = 127, p = .139. Neither did the positive valence factor; r = -.150, n = 
127, p = .092, nor the UA-PD factor; r = -.071, n = 127, p = .427. 
Next hypothesis 1b was investigated; that participants who show higher implicit liking of 
natural environments will experience higher restorative effects when exposed to natural scenes. 
To do so, a factorial repeated measures ANCOVA was carried out with the different 
environmental conditions as the between subjects factor. The difference in SCAS scores at the 
three time points was the within subjects factors, and the IAT score was included as a covariate. 
Three of these analyses were done, each with the different SCAS factors previously created. 
When investigating the effect environment exposed to had on the SCAS positive activation factor 
over the different time points, implicit nature relatedness does not have a significant covariate 
effect; F(2,248) = 2.152, p =.119, η2 = 0.017, as is the case with the positive valence factor; F(2, 
248) = .612, p = .543, η2 = 0.004. The same was found for the UA-PD factor and implicit nature 
relatedness score; F(2,248) = .100, p = .905, η2 < 0.001. Therefore, hypothesis 1b was not 
supported. There was no interaction effect of implicit nature relatedness at all on slides viewed 
and restoration level.  
Exploratory analysis  
To investigate hypothesis 1a further, the distribution of explicit and implicit nature 
relatedness was explored. The method to do so was my own exploratory work and due to lack on 
methodological reliability, the findings cannot be interpreted assuredly and are purely for interest 
of exploration, so no results were based on them. This procedure involved applying the D 
distribution made for the IAT (Greenwald, Nosek, & Banaji, 2003, Cohen, 1997) and applying it 
proportionally to a different scale. To be able to compare the distribution of the explicit and 
implicit nature relatedness scores, the composite nature liking variable was split into 6 categories, 
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based on the D distribution. This can be found in table 2. A paired samples t-test was carried out, 
to see if the distribution of people differed significantly for explicit and implicit nature 
relatedness. This test was significant; t(129) = 12.841, p < .001, d = 1.214. Implicit nature 
relatedness (M = 5.662, SD = 1.053) was significantly higher than explicit nature relatedness 
scores (M = 4.100, SD = 1.219).  
 
 
Figure 3 and 4. A line graph showing restoration as shown by the SCAS UA-PD factor estimated 
marginal means at three different time, for groups exposed to urban and natural stimuli with IAT 
score as a covariate (left) and with nature relatedness as a covariate (right). 
 
 
 
 
 
 
 
 
 
Figure 5 and 6. Two histograms representing the distribution of effect sizes on implicit (left) and 
explicit (right) nature relatedness.  
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Table 3.  
Frequency and percentage of different effect sizes (D) on the combined variable for explicit 
nature relatedness.  
Explicit nature 
relatedness effect Size 
Frequency Percentage Cumulative percentage 
Strong negative effect: 
-1.8 > NatureLiking 
0 0% 0% 
Moderate negative 
effect: 
-1.79 < NL < -1 
19 14.6% 14.6% 
Slight negative effect:     
-0.9 < NL < -0.469 
14 10.8% 25.4% 
No effect: 
-0.468 < NL < 0.329 
50 38.5% 63.8% 
Slight positive effect: 
0.330 < NL < 0.862 
30 23.1% 86.9% 
Moderate positive 
effect: 
0.863 < NL < 1.65 
16 12.3% 99.2% 
Strong positive effect: 
NL > 1.66 
1 0.8% 100% 
 
 
Test of hypothesis, part 2 
For preliminary analysis, it was checked whether participants started the study on the 
same affect baseline. Differences in pre-experiment SCAS sub-scale scores were carried out 
between groups that saw urban and natural scenes, using an independent samples t-test. The 
groups did not differ on SCAS-TP1, positive activation factor scores; t(126) = .962, p = .338, d = 
-.167. They also did not differ on the valence factor; t(126) = 1.059, p = .292, d = -.178 or the 
UA-PD factor; t(126) = 1.060, p = .291, d = -.171  Groups had equal baseline affect.  
It was then investigated whether participants differed on the SCAS before and after the 
MIST was administered. This was a manipulation check to see if the MIST had the intended 
stressful effect on participants. To do so a paired samples t-test was carried out on the three 
different factors of the SCAS on time point 1 and time point 2. The manipulation checks proved 
successful. The positive activation factor significantly decreased after the MIST procedure; 
t(126) = 2.371, p = .019, d = -.234. This was also the case for the positive valence factor; t(126) = 
ENVIRONMENTAL RESTORATION EFFECTS                                                                       27 
6.707, p < .001, d = -.612, and the UA-PD factor; t(126) = 8.902, p < .001, d = -.889, as shown 
by the means in table 4. 
Next, paired samples t-tests were carried out on the different factor SCAS scores on time 
points two and three. An overall restorative effect was found of viewing the slides, by significant 
changes in two of the three factors at the two different time points. The activation factor did not 
significantly change, t(126) = 1.301, p = .196, d = -.112. Over these two time points, the positive 
valence factor significantly increased; t(126) = -4.841, p < .001, d = .433, as shown by the means 
in table 4. There was also a significant increase on the UA-PD factor, indicating a relaxing effect 
of viewing the slides; t(126) = -9.251, p < .001, d =.802. 
Hypothesis 2 
Next, it was investigated whether participants exposed to natural scenes showed higher 
restorative effect, regardless of nature relatedness (hypothesis 2). A repeated measures ANOVA 
was carried out between the three SCAS factors at time points two and three, comparing groups 
shown natural scenes (N = 64) and the group shown the urban scenes (N = 63). For later analysis, 
restoration scores were made for each of the SCAS factors by taking the time point 2 score away 
from the time point 3 score. A marginally  significant interaction was found between the positive 
activation factor at the different time points and which slides were viewed; F(1,125) = 3.292, p 
= .072, η2= 0.025. The premise that those shown nature scenes will increase more on the positive 
valence factor, was not supported as there was no significant difference between the two 
environmental exposure groups; F(1,125) = 1.604, p = .208, η2 = 0.010 . The SCAS factor UA-
PD was expected to be higher for those shown the nature slides. There was no significant 
difference in UA-PD between groups pre and post slide exposure; F(1,125) = .010, p = .919, η2 < 
0.001. There was no overall higher restorative effect for those exposed to natural scenes, 
regardless of nature relatedness, therefore hypothesis 2 is not supported. Descriptive statistics can 
be found in table 4.     
Hypothesis 3 
After this hypothesis 3 was investigated; whether those who explicitly show high 
connection to nature gain more restorative effects from natural scenes than those who do not 
explicitly show high connection to nature. A factorial repeated measures ANCOVA was carried 
out with the different environmental condition as the between subjects factor, the difference in 
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SCAS sub scale scores at TP1, TP2, and TP3 as within subjects factors, and with nature liking 
included as a covariate. This ANCOVA can also be used to investigate whether those participants 
who explicitly reported higher nature relatedness will show lower restorative effects when 
exposed to urban scenes, compared to those who reported explicitly low nature relatedness. A 
marginally significant interaction was found the SCAS positive activation factor at the three 
different time points and slides viewed, when nature relatedness was used as a covariate; 
F(2,248) = 2.450, p = .088, η2 = 0.018. This was also the case for the valence factor; F(2,248) 
= .802, p = .7450, η2 = 0.005, and for the UA-PD factor; F(2,248) = .083, p = .921, η2 < 0.001. 
Table 4.  
Descriptive statistics (means and standard deviations) for the three SCAS factors at different time 
points, for the different slide exposure conditions.  
 
SCAS Sub-scale Slides viewed Means Standard deviations 
Activation factor TP1 Urban Slides 6.268 1.288 
 Nature Slides 6.058 1.214 
 Overall 6.162 1.251 
Activation factor TP2 Urban Slides 6.222 1.365 
 Nature Slides 5.629 1.550 
 Overall 5.923 1.486 
Activation factor TP3 Urban Slides 6.016 1.270 
 Nature Slides 5.661 1.437 
 Overall 5.837 1.363 
Valence factor TP1 Urban Slides 6.369 1.196 
 Nature Slides 6.158 1.176 
 Overall 6.263 1.186 
Valence factor TP2 Urban Slides 5.903 1.210 
 Nature Slides 5.508 1.253 
 Overall 5.704 1.243 
Valence factor TP3 Urban Slides 6.094 1.225 
 Nature Slides 5.833 1.281 
 Overall 5.963 1.255 
UA-PD factor TP1 Urban Slides 6.566 1.332 
 Nature Slides 6.336 1.313 
 Overall 6.450 1.322 
UA-PD factor TP2 Urban Slides 5.463 1.456 
 Nature Slides 5.292 1.306 
 Overall 5.377 1.380 
UA-PD factor TP3 Urban Slides 6.217 1.328 
 Nature Slides 6.063 1.301 
 Overall 6.139 1.312 
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Hypothesis 4 
Preliminary analysis was carried out on the slide ratings and Perceived Restorative Effect 
scale (PRS) to be able to investigate hypothesis 4. First, reliability for the PRS was found to be 
adequate. Factor analysis was carried out to see if the sub-scales recommended by Lindal and 
Hartig (2015) were suitable for the current analysis. All items loaded highly on one factor, with 
the four fascination items loading slightly higher than the two being away items. This overall 
factor explained 64.304% of the variance. Whilst the factor analysis only reported one factor, it 
was decided that the original sub scales (being away and fascination) would be kept for depth of 
analysis. Reliability for the subscales fascination and being away was checked. Correlations 
between the items were significant and positive. Composite scores were made for the sub-scales, 
and for the overall PRS. 
A mean slide rating was created, so preference for the different slides could be compared. 
The total PRS significantly correlated with mean slide ratings (r = .652, n = 128, p <.001) 
indicating that the higher the rating of the slides, the higher the PRS. It was also the case that 
mean slide rating were correlated with the being away sub scale ratings (r = .556, n = 128, p 
<.001) and the fascination sub scale ratings (r = .605, n = 128, p <.001). Neither the total PRS 
score (r = .109, n = 127, p = .221) nor the being away (r = .159, n = 127, p = .075) or fascination 
(r = .067, n = 127, p = .455) sub scales correlated with the restoration score of the positive 
activation factor. When it came to the positive valence factor, the overall PRS (r = .170, n = 127, 
p = .056), and the fascination (r = .123, n = 127, p = .170) sub scale was not correlated, however 
the being away sub scale was correlated with the valence restoration factor (r = .213, n = 127, p 
= .016). Neither the total PRS score (r = .196, n = 127, p = .192) nor the being away (r = .145, n 
= 127, p = .103) or fascination (r = .084, n = 127, p = .346) sub scales correlated with the 
restoration score of the UA-PD factor. 
Next, the groups were split so that those who viewed the urban slides and those who 
viewed the natural slides could be investigated separately. Correlations were carried out between 
mean slide ratings and explicit nature liking (table 6). This was to investigate whether nature 
relatedness influenced preference for the different types of slides, to address hypothesis 4a. 
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Within the group who viewed natural scenes, there was a significant correlation between mean 
slide ratings and explicit nature relatedness (r = .579, n = 64, p < .001). This indicates that the 
higher the explicit nature relatedness people report, the higher they rated the natural slides. 
However, when the correlation was carried out on the group who viewed the urban slides, there 
was no significant correlation between nature relatedness and mean slide ratings (r = - .036, n = 
64, p = .778).  
Table 5.  
Mean slide ratings for urban and natural slides. 
 
Table 6.  
Correlations between the composite nature relatedness variable and slide ratings of urban and 
natural slides 
Effects marked with a * are significant at .05, effects marked with a ** are significant at .01 
 
After this, hypothesis 4b was investigated; whether nature relatedness affected perceived 
restorative effect of different types of scenes. To do so a multivariate ANCOVA was used, with 
PRS total score, fascination score, and being away score as the dependent variables, environment 
exposed to as the fixed factor, and nature relatedness as a covariate. The results were not 
significant, showing that there was no interaction between which slides participants had viewed 
and how restorative they perceived them to be, when explicit nature relatedness was taken in 
account; F(1,125) = .543, p = .463, η2 = 0.004. However, when taking nature relatedness into 
account as a covariate, the sub scale ‘being away’, was significantly different between groups 
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who saw natural and urban slides; F(1,125) = 5.538, p = .020, η2 = 0.040. Means indicate that 
groups who were shown nature scenes rated them as higher in ‘being away’ than those shown 
urban scenes, as shown in table 7. The opposite trend was found for the ‘fascination’ sub scale, 
which also significantly differed for different slides viewed when nature relatedness was a 
covariate; F(1,125) = 5.529, p = .023, η2 = 0.039. Means indicate that groups who saw urban 
scenes rated them as higher in ‘fascination’ than those shown natural scenes. Therefore, 
hypothesis 4 can be neither rejected or accepted, as the subscales and the overall PRS indicate 
different perceived restoration levels of each set of slides.  
Table 7.  
Descriptive statistics (means and standard deviations) for the different PRS sub scales, for the 
different slide exposure conditions.  
 Environment exposed to Mean Standard deviation 
PRS Being away Urban 3.680 1.424 
 Natural 4.227 1.215 
PRS fascination Urban 4.711 1.233 
 Natural 4.224 1.232 
PRS total Urban 4.367 1.219 
 Natural 4.226 1.094 
 
Investigatory analysis 
Some of the literature reviewed discusses the difference in nature preference for those 
who spend a lot of time in nature (Balling and Falk, 1982), and people with low contact to nature 
(Zhang, Goodale & Chen, 2014). While in many cases this relationship has been found to be 
positive, some people argue that this may actually be negative, for example, a higher 
understanding of nature or working in it may undermine ones liking of it in certain situations 
(Kaplan and Herbert, 1987, von Lindern et al., 2013). Therefore, exploratory correlations were 
carried out between reported time spent outdoors in the past week and explicit and implicit 
nature relatedness. A positive relationship was found between time spent outside and explicit 
nature relatedness; r =.278, n = 130, p = .002, and implicit nature relatedness; r = .188, n = 130, 
p = .034. Whilst there was no relationship between how much people liked the weather that day 
and implicit nature relatedness; r = -.022 , n = 130, p = .808 , there was a positive significant 
relationship with explicit nature relatedness; r = .394, n = 130, p < .001.  
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Discussion 
The aim of the current study was to investigate whether nature relatedness is rooted in 
evolution or learned through cultural experience. Additionally, whether people with low 
relatedness to nature could still receive beneficial restorative effects from the natural 
environment.  
Hypothesis 1a, that regardless of explicit nature relatedness implicit attitudes of nature 
were positive, was rejected. A correlation between explicit and implicit nature relatedness points 
towards a cultural or transactional standpoint being accepted. A relationship indicates that they 
are not independent, which they would be expected to be if biophilia was ingrained 
evolutionarily. If this were the case peoples’ implicit preference would reflect nature 
relatedness, regardless of their explicit preference. Explicit attitudes do seem to have an effect 
on implicit attitudes. However, when doing exploratory analysis comparing the distribution of 
explicit and implicit nature relatedness in the same, evidence was established for an evolutionary 
perspective to be possible. As this an exploratory form of analysis, it is not possible to draw 
conclusions from the findings. The number of people who implicitly reported nature relatedness 
was high compared to explicit reports of nature relatedness. Additionally, the proportion of 
people who had a negative relationship with nature was much higher explicitly than implicitly. It 
may also be possible that the higher frequency of implicit compared to explicit nature relatedness 
may be due to people expressing something that they did not know they felt, signalling support 
for the biophilia hypothesis (Wilson, 1984). However, there were still a number of people who 
were implicitly indifferent to nature, and one with a slight negative implicit relationship. It is 
possible that a natural positive relationship to nature is more likely, but not necessarily the case 
for all individuals. This points us in the direction of an interaction between natural 
predisposition and preference learning for environmental surroundings. As discussed by Staats, 
Jahncke, Herzog, & Hartig (2016), natural scenes were only preferred over urban ones when 
restoration was necessary. The explicit measure of nature relatedness was taken before the stress 
induction, and the implicit measure taken afterwards. It is possible that this may have had an 
effect on the difference in proportion of nature relatedness ratings.  
Hypothesis 1b, that participants who showed higher implicit connectedness to natural 
environments would experience higher restorative effects when exposed to natural scenes, was 
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not supported by the results of the study. Previous research has found that those who are more 
connected to nature report feeling safer when in natural environments, than those with low nature 
connectedness (I-Chun, William, Chun-Yen, 2015). It would therefore be expected that they 
would find natural scenes more restorative. From previous ratings of the slides there was nothing 
displayed that could cause fear (Collado, & Staats, manuscript in preparation). The lack of 
difference in fear levels may account for the low variability of restoration effects between groups, 
however no data on fear was taken in the current study so conclusions are hard to draw. 
Like much other literature, our study provided evidence for restorative effects of viewing 
nature environments (Kaplan, 1995, Staats, Jahncke and Hartig, 2016, Ulrich, 1993). However, 
the results did not support previous findings that suggests natural settings are more restorative 
than urban ones (Kaplan, Kaplan and Wendt, 1972). Groups were equally restored when viewing 
urban stimuli and natural stimuli. This indicates that both have the potential to restore depleted 
affect, and possibly other effects of stress induction for example reduced cognitive capacities. It 
is also possible that simply the process of viewing was relaxing, especially in contrast to the 
stress inducing MIST. This is supported by the lack of correlation between slide ratings and 
SCAS restoration on the UA-PD factor. However, this is undermined by the correlation between 
the PRS and the slide ratings. The possibility that urban scenes may be as restorative as natural 
scenes could be reason to argue that increasingly urbanized societies are not a problem for mental 
restoration, as both types of environment can fulfill the same role.  
It has previously been found that when people are in need of restoration, natural areas are 
preferred to urban ones, for performing leisure activities (Staats et al., 2016). As natural 
environments were not preferred in the current study, it could indicate that the need for 
restoration was not high enough, and that people were not significantly stressed or mentally 
depleted. While results suggest the stress manipulation worked, it is possible that people had not 
yet reached a stressed enough state to feel the need for restoration. Having participants carry out 
the IAT and SCAS before viewing the slides may have already allowed for a certain level of 
restoration. However, this is unlikely to be the case as carrying out these tasks is not very 
restoring as they still take cognitive capacity and there was a significant decrease in affect scores 
from time point one to two.  
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The complexity in both set of slides differs, with many of the nature slides having only 
one attribute (E.g. Grass or leaves) while most of the urban slides have more (E.g. Doors, lamps, 
steps etc.). As previously discussed, moderately complex scenes are preferred to scenes of low 
complexity (Ulrich, 1983, Berlyne, 1971). Complexity and depth in scenes is also an important 
aspect of the prospect refuge theory, another important factor for environmental preference 
(Appleton, 1996). Scenes from further away and with higher levels of complexity may have 
affected people’s opportunity to see and potential opportunities to hide. The psychophysical 
intensity of the environments would not have been conveyed by the slides, which can affect 
activation and therefore restoration (Berlyne, 1960). As urban settings are more likely to contain 
highly stimulating noises, smells, and sights (E.g. Cars etc.), without this, it is possible their 
restorative effects may be equal to natural environment slides. Another reason a higher 
restoration experience was not found for the natural slides may be due to associations with nature 
and death (Koole & van den Berg, 2005). Using the empty/dead snail shell may have brought 
about thoughts of death and mortality, which may in turn lead to more negative perceptions of 
nature and lower restorative potential. Such a picture may cause fear or disgust in some people, 
which has been shown to affect how much recreational time people want to spend in nature 
(Bixler & Floyd, 1997). However, this is purely speculative. Whilst none of the slides were 
reported to contain fear inducing stimuli (Collado, & Staats, manuscript in preparation), the fear 
of snails (Molluscophobia, also includes slugs) is a documented phobia (Molluscophobia, 2012).  
It was also interesting to note that urban and natural environments invoked different 
ratings on the subscales of the PRS. People perceived natural slides higher on the ‘being away’ 
aspect, whereas urban scenes were higher in ‘fascination’. The latter may again be due to the 
level of complexity displayed in the urban pictures compared to the natural ones. Additionally, it 
may be the case that in order to find urban pictures that are rated equally on preference to natural 
pictures, they have to be very beautiful. This may result in higher fascination scores, as they may 
need to contain more interesting features so preference ratings are equal to natural slides.    
It was not found that those who reported explicit high nature relatedness showed higher 
restorative effects from natural environments (hypothesis 3). This result is in the same direction 
seen for implicit nature relatedness. The same reasons are likely for the lack of effect found, and 
therefore shall not be discussed again. A marginal effect was found for positive activation both 
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with and without nature connectedness as a covariate. This would have to be investigated more 
thoroughly in future research to be able to draw conclusions. It is again possible that the act of 
viewing was the real restorative experience, regardless of content. As discussed, Adevi, & Grahn 
(2012) found that those raised in a certain environment felt more attached to, and at home in this 
environment. However, this attachment was less likely to form for those raised in urban areas. It 
was therefore expected that this sense of ‘at home’ for those with high nature relatedness would 
increase restoration potential when viewing natural scenes, and the opposite when viewing urban 
scenes. It is possible that the concepts of being attached to a place and feeling at home there are 
unrelated to restoration experienced in that type of environment. It is also possible that natural 
scenes did not resemble those they were attached to, so there was not an increased perception of 
feeling at home when viewing natural slides, resulting in no differential restorative effects.  
Hypothesis 4a posits that those with high explicit nature relatedness would rate natural 
scenes as more restorative on the PRS scale, compared to those with low explicit nature 
relatedness. This was supported; the relationship between slide ratings and explicit nature 
relatedness was positive and significant. As there was no difference in actual restoration levels, as 
shown by the affect scores, this indicates that perceived restoration and actual restoration are 
separate constructs.  Those with higher explicit relatedness did experience more perceived 
positive restoration effects after viewing natural slides, indicating preference for natural scenes 
can aid their perceived restorative potential.  
Like the research on foresters by Balling and Falk (1982), it is possible that increased 
interaction with natural environments relates to higher preference for them. However, it has also 
been found that those who spend increased amount of time in nature due to work show lower 
preference for it, maybe because it is in a work context and restoration potential is therefore 
lower (Von Lindern et al., 2013). In the current study the amount of time spent outside was 
correlated with both explicit and implicit nature relatedness. This positive relation between time 
spent outdoors and nature relatedness may indicate that exposure to the natural environment can 
change people’s perceptions on it. This is a trend shown by the work of Adevi, & Grahn (2012). 
However, it is possible that the direction is inverted and those who feel more related to nature 
spend more time in it as a result of this. Potentially the relationship is bidirectional, spending 
time outside could have both positive and negative effects on people’s preferences and 
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perceptions, depending on the situation. It would be interesting to further explore the direction 
of this relationship as it may have important consequences for nature preference and in turn, pro-
environmental behaviours (Davis, Green, & Reed, 2008, Nisbet, Zelenski, Murphy, 2009).  
Additionally, it was interesting to note the effect between how much people liked the 
weather outside that day and nature relatedness, indicating how temporal differences could 
possibly affect what may seem to be such a stable personal attribute. This has implication on 
how small changes in the surrounding environment can affect nature preference and inclusion of 
nature in self. These factors have been shown to in turn be related to the propensity for pro-
environmental behaviour that people perform (Zhang, Goodale & Chen, 2014). If small 
manipulations may affect people’s nature relatedness it is possible that with future research into 
different temporal factors affecting nature relatedness, pro-environmental behaviours may be 
manipulated. This would support the idea that nature relatedness and preference is not necessarily 
ingrained, but is at least to some extent influenced by people’s surroundings. Support for this 
more cultural and transactional approach has important implications for how much influence can 
be exerted to change people’s behaviour. However, it is also possible that the direction of the 
relationship was the reverse, and people who say they are more related to nature rate the weather 
more positively. However, it would then be expected that implicit nature relatedness would also 
be correlated to the current weather, which it was not.   
Limitations and propositions for future research 
There are a number of design limitations that must be addressed, and improvements for 
future research are discussed. Firstly, only a very small percentage of the population seems to be 
indifferent nature. Even less would admit to dislike nature. While nature indifferent or disliking 
participants did carry out the study, the number of them was disproportionate to the actual 
population, and the specified recruitment may affect the validity of the results. It was necessary to 
advertise that we were looking for those who were not positively related to nature, so people may 
have accentuated their dislike of nature so as to be able to participate. Therefore, in future it is 
recommended that the study be carried out in a larger, more urbanized city, where it is possible 
that there may be more people who are not so favourable of nature.  If possible, the study should 
be advertised with no mention of trying to recruit people who are high or low in nature 
relatedness, so as not to affect demand characteristics. Additionally, it was found that some 
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people who reported to like nature in the pre-screen scored very low on nature connectedness on 
the NR-6, indicating that a different and more accurate pre-screen questionnaire might be of 
benefit in future.  
It was noticeable that regardless of nature relatedness, the question regarding 
environmental impacts of people’s behaviour was answered positively on the scale (people care 
about how their behaviour affects the environment. People often scored low on all other 
questions in the NR-6, but high on “I always think about how my actions affect the 
environment.” Recently there has been increased focus on reducing one’s environmental impact 
on the planet, and a generally more widespread understanding of the consequences of climate 
change. This may have resulted in those who do not like nature or do not report themselves to be 
connected to it scoring highly on this dimension. Therefore, it is recommended to either remove 
this question so as not to increase social desirability for liking nature, or implicitly measuring this 
question, to reduce social desirability.  
In the current study it is presumed that the implicit association test is a reliable measure of 
ingrained preference stemming from evolutionary predisposition. However, it is possible that this 
is not the case. It could be argued that implicit attitudes are ones learned while growing up, and 
can therefore be dependent on our sociocultural backgrounds. This would undermine the results 
of the current study. It is therefore recommended in future research to find another way of 
measuring inborn preference.  
Another design limitation was that the SCAS questionnaire might have not fully measured 
potential stress that participants went through. For a more thorough measure of stress, it is 
recommended that physiological measures are taken. For example, heart rate variability and skin 
conductance response among others, as these have been shown to be good indicators of stress. 
This would allow for the exact moments that are stressful or restorative to be recorded, and for 
rich data for interpretation of restorative effects of certain slides. Moreover, it is an implicit way 
of measuring stress levels which would eradicate of participants not really thinking and 
answering about how they are feeling.  
Whilst the slides were rated equally on preference, the views included were not 
comparable. The nature slides contained more close up pictures of leaves and trees, whereas the 
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urban pictures contained views from a further distance. This may allow for different prospect and 
refuge possibilities in the different conditions, which may have affected the extent of the 
restorative potential (Appleton, 1996, Balling and Falk, 1982). Additionally, the slides used for 
urban and natural environments differed in another aspect; the cultural exposure to the different 
stimuli. While the nature slides were things that can be seen every day in the Netherlands, some 
of the urban stimuli were not representative of every day sights. They included extremely modern 
buildings or old architecture that is dissimilar than to that found in Dutch cities. The nature 
pictures included scenes and plants that may be more familiar to participants, and familiarity has 
been shown to increase liking. Therefore, some of the positive ratings and restoration may be due 
to exposure of objects that are liked more, rather than all the effects coming from the natural 
scenes. It is recommended that in future studies pictures are taken of urban and natural 
landscapes similar to the ones the study is being carried out in.  
In a similar vein, the stimuli were slides shown to participants in a lab. To increase 
external validity exposing participants to actual natural and urban scenes would be recommended. 
However, there are a number of issues that may occur, for example weather differences 
(temperature, light, time of day, wind etc.) and the fact that there would be much more 
interference from other people, traffic etc. The images shown were also small and static, rather 
than the enveloping, fully surrounding experience being in nature really is. To address these 
problems, it may be possible to use virtual reality to get an immersive experience while 
controlling for the aspects previously mentioned.     
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Appendices 
 
Appendix A  
The ‘Inclusion of Nature in Self’ Scale (INS) 
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Appendix B  
Nature Relatedness (NR-6) Scale 
 
1 = Strongly disagree, 2 = disagree a little, 3 = neither agree or disagree, 4 = agree a little, 5 = 
strongly agree 
1. My ideal vacation spot would be a remote, wilderness area. 
2. I always think about how my actions affect the environment. 
3. My connection to nature and the environment is a part of my spirituality. 
4. I take notice of wildlife wherever I am. 
5. My relationship to nature is an important part of who I am. 
6. I feel very connected to all living things and the earth. 
Scoring Information: NR-6 score is calculated by averaging all 6 items. 
 
 
 
 
 
 
 
 
 
 
 
 
 
ENVIRONMENTAL RESTORATION EFFECTS                                                                       45 
Appendix C 
 The Swedish Core Affect Scale (SCAS) 
 
Activation 
 Dull – Peppy  
 Sleepy – Awake 
 Passive – Active 
 
Valence  
 Displeased – Pleased 
 Sad – Glad 
 Depressed – Happy 
 
Pleasant activation – Unpleasant deactivation  
 Bored – Interested 
 Indifferent – Engaged 
 Pessimistic – Optimistic 
 
Unpleasant activation – Pleasant deactivation 
 Tense – Serene  
 Anxious – Calm  
 Nervous – Relaxed  
 
Scoring information: Each bipolar pair on the SCAS are rated on a 9 point scale with lower 
scores representing negative adjectives and higher scores representing the positive adjectives.  
 
 
 
 
 
ENVIRONMENTAL RESTORATION EFFECTS                                                                       46 
Appendix D  
The Perceived Restorativeness Scale (PRS) 
 
Instructions: “We are interested in your experience of this place. To help us understand your 
experience, we have provided the following statements for you to respond to. Please read each 
statement carefully, then ask yourself, ‘How much does this statement apply to my experience 
here?’ 
 
To indicate your answer, circle one of the numbers on the scale beside it. A sample of the scale 
with verbal descriptions for the values is given below and at the top of each subsequent page.“ 
 
Verbal descriptions for the scale values are as follows: 0 = Not at all; 1 = Very little; 2 = Rather 
little; 3 = neither little nor much; 4 = Rather much; 5 = Very much; 6 = completely. 
 
The items are grouped by a priori subscale membership (Being Away, Fascination, Coherence, 
and Compatibility, respectively):  
 
1. It is an escape experience.  
2. Spending time here gives me a good break from my day-to-day routine.  
 
3. The setting has fascinating qualities.  
4. My attention is drawn to many interesting things.  
5. I would like to get to know this place better.  
6. I want to explore the area. (In Study 2 this item was replaced by the item below.) There is 
much to explore and discover here.  
7. I would like to spend more time looking at the surroundings. 
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Appendix E 
Example pictures of natural (top) and urban (bottom) slides 
